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(54) ELECTRONIC BALANCE

(57)  An electronic balance is provided, which ade-
quately exhibits quick response and displaying stability
when being used to measure a number of objects. The
electronic balance includes a load detecting section, for
continuously detecting a total load value (W) of a plurality
of to-be-measured objects placed on a weighing pan; a
moving average processing section, for calculating a
moving average (Wa) of the detected load value (W); a
load change calculating section, for calculating a load
change (Wb) of the detected load value (W); a unit weight
storage section, for storing a unitweight (Wu), i.e., amass
of each of the to-be-measured object; a moving average
start threshold calculating section, for calculating a mov-
ing average start threshold (Wt) from the unit weight
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(Wu), in which the moving average start threshold (Wt)
is used as a criterion to determine whether or not a mov-
ing average processing is executed; a determination sec-
tion, for determining from the moving average start
threshold (Wt) and the load change (Wb) on whether or
not the moving average process is executed; a number-
of-objects calculating section, for counting a number
(Nwa) of objects from the moving average (Wa) and the
unit weight (Wu) when the moving average process is
being executed and counting a number (Nw) of objects
from the load value (W) and the unit weight (Wu) when
the moving average process stops; and a display section,
for displaying the calculated numbers (Nw, Nwa) of the

to-be-measured objects.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention generally relates to an
electronic balance, in particular, to an electronic balance
capable of weighing a desired number of to-be-measured
objects by placing the to-be-measured objects with the
same mass on a weighing pan.

[0002] The abovementioned "electronic balance"
mainly refers to an electronic balance with an electro-
magnetic force balance mechanism, and a load cell type,
tuning fork type, capacitance type electronic balance, as
well as all the weighing devices for measuring and weigh-
ing by using a load weight of a to-be-measured object as
an electric signal.

2. Description of Related Art

[0003] When an electronic balance is used for meas-
uring an object, the to-be-measured object is placed on
a weighing pan, and a weighing value shown in the dis-
play is read only after the vibration of the weighing pan
caused by placing the object thereon is attenuated and
stabilized. However, besides the vibration caused by
placing the to-be-measured object on the weighing pan,
the weighing pan may also generate continuous vibra-
tions due to the surrounding environment (such as vibra-
tion of the base on which the electronic balance is dis-
posed, and airflow change), and such continuous vibra-
tions may not cease completely. If no measure is taken
to prevent the vibrations of the electronic balance, when
the displayed value is read, the weighing value shown in
the display may vary due to the vibrations caused by the
surrounding environment. As a result, it is difficult to read
the displayed value.

[0004] Therefore, for some electronic balances, in or-
der to stabilize the displayed weighing value for being
read by a user, a moving average process is executed
to calculate an average value of the latest weighing value
data and a specified number of previous weighing value
data obtained within a fixed period, so as to stabilize the
displayed value (with reference to Patent Document 1).
[0005] The moving average process is executed to
avoid the influences caused by the vibrations of the
weighing pan, so as to realize a stable display. Generally,
when the specified number of weighing value data main-
tains stable continuously, a sign (stability sign) for indi-
cating a stable status is shown on the display, and the
user can proceed weighing after confirming that the dis-
played stability sign.

[0006] If the moving average process is executed to
stabilize the displayed weighing value, the stability of dis-
played weighing value is indeed improved. However, on
the other aspect, the tracking and response capabilities
to the load deteriorate. That is, when a dramatic load
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change occurs on the weighing pan and the moving av-
erage process is executed, the moving average process
may not only cause noises as a vibration component, but
also restrain the variation of the practical load change.
Ultimately, the response to the load change slows down.
[0007] Therefore, when the moving average process
is being executed, a threshold of the load change ampli-
tude is preset as a criterion. Then, whether the moving
average process is switched to "stop" or "start" is deter-
mined according to a comparison result between the
practically produced load change and the preset thresh-
old of the load change amplitude. That is, when the load
applied to the weighing pan changes and during the pe-
riod when the load change is greater than the preset
threshold, the moving average process stops. When the
load applied to the weighing pan changes and during the
period when the load change is smaller than the preset
threshold, the moving average process starts.

[0008] Furthermore, when the to-be-measured object
is in a form of powder or liquid such as medicine, simply
weighing a desired weight of the to-be-measured object
is sufficient. When a powder object is being weighed,
before the load of the powder reaches a target weight,
the load of the to-be-measured object is continuously
added onto the weighing pan for several times. As the
weight on the weighing pan approaches the target
weight, the increment of the load gradually reduces each
time when the load is added onto the weighing pan. How-
ever, if the variation produced by one increment of the
load fails to reach the preset threshold of the load change
amplitude in the balance, the moving average process
maintains, and the response to the added load slows
down. Accordingly, some patents have disclosed the fol-
lowing situations. Whether a weighing operation is per-
formed or not according to the threshold of the load
change amplitude and a load change rate threshold is
determined. When the weighing operation is performed
in order not to execute the moving average process be-
fore the added load gets smaller to improve the response
capability, the threshold of the load change amplitude is
altered to a small value, and the calculation operations
of the moving average process stop before reaching the
threshold. Hence, a measurement with a preferred re-
sponse capability is performed. On the other aspect, if
the load change rate is determined to be smaller than
the load change rate threshold, and an additional load is
not added for the weighing, the threshold of the load
change amplitude recovers to a regular value, and the
calculation operation of the moving average process is
performed to improve the operation efficiency. Hence,
the displaying stability is maintained (with reference to
Patent Document 2).

[0009] Patent Document 1: Japan Patent Publication
Gazette No. H11-311566

[0010] Patent Document 2: Japan Patent Publication
Gazette No. 2006-84192
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SUMMARY OF THE INVENTION

[0011] An electronic balance may be sometimes ap-
plied in "measuring a number of objects". In this case, a
weighing procedure thereof includes the following steps.
When a plurality of to-be-measured objects with the same
weight is to be measured, a weight of each of the to-be-
measured object (hereinafter referred to as a unit weight)
is measured in advance, and then the plurality of the to-
be-measured objects on the weighing pan is measured
according to a relationship between a total weight of the
to-be-measured objects placed on the weighing pan and
the unit weight. For example, when it is necessary to
measure the number of pharmaceutical tablets, or a de-
sired number of semiconductor parts, screws, and bolts
of the same type in a plant, the number of the measured
objects is measured by means of weighing.

[0012] In the case of such number measurement, the
contradictory problems about the displaying stability and
the response capability to the load change also need to
be resolved. In the prior art, a regular moving average
process is switched merely by comparing a preset fixed
threshold of the load change amplitude with a practically
generated load change, which cannot be used to realize
the special process for the number measurement.
[0013] The number measurement is different from the
weighing process of the powder or liquid in that, the add-
ed load is not gradually reduced even when the weight
of the load approaches a target weight. Each time when
the load is added, at least the weight of one to-be-meas-
ured object is added, so that the added load is no less
than the weight of one to-be-measured object. Therefore,
the switching process executed by using a load change
amplitude threshold and a load change rate threshold as
disclosed in Patent Document 2 is not suitable for being
applied in measuring the number of the to-be-measured
objects.

[0014] Furthermore, in the number measurement, the
unit weight differs according to different to-be-measured
objects. If the unit weight of the to-be-measured objects
is far less than the preset fixed threshold of the load
change amplitude in the balance, it is difficult to stop the
moving average process even if plenty of to-be-meas-
ured objects are added onto the weighing pan, so that
the response capability deteriorates. Under this circum-
stance, the response capability may be improved by re-
ducing the load change amplitude threshold. However,
when a small preset threshold is set, the weighing motion
may be affected by the vibrations of the weighing pan,
so that the displaying stability may deteriorate, and it is
difficult for the stability sign to become lightened.
[0015] Accordingly, the present invention is directed
to an electronic balance, which is capable of executing
a moving average process with a desirable result when
measuring a number of objects by means of weighing.
[0016] Inordertosolvethe abovementioned problems,
in the electronic balance of the present invention, a
threshold for determining a start motion and a stop motion
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of the moving average process is calculated according
to a unit weight of the to-be-measured objects, and then
the start motion and the stop motion of the moving aver-
age process are determined according to the threshold.
In view of this, the electronic balance in the present in-
vention includes: a load detecting section, for continu-
ously detecting a total load value (W) of the to-be-meas-
ured objects placed on aweighing pan; a moving average
process section, for calculating a moving average (Wa)
of the detected load value (W); a load change calculating
section, for calculating a load change (Wb) of the detect-
ed load value (W); a unit weight storage section, for stor-
ing a unit weight (Wu), i.e., a mass of each of the to-be-
measured object; a moving average start threshold cal-
culating section, for calculating a moving average start
threshold (Wt) from the unit weight (Wu), in which the
moving average start threshold (Wt) is used as a criterion
to determine whether or not a moving average process
is executed; a determination section, for determining
whether or not the moving average process is executed
from the moving average start threshold (Wt) and the
load change (Wb); a number-of-objects calculating sec-
tion, for counting a number (Nwa) of the to-be-measured
objects from the moving average (Wa) and the unit weight
(Wu) when the moving average process is being execut-
ed and counting a number (Nw) of the to-be-measured
objects from the load value (W) and the unit weight (Wu)
when the moving average process stops; and a display
section, for displaying the calculated numbers (Nw, Nwa)
of the to-be-measured objects.

[0017] Herein, the "load change (Wb)" refers to any
variation that can be used as an index for indicating a
load stability. Particularly, a difference between a latest
load value data and a current load value data or a load
change amplitude in each unit time (a difference between
a maximum load value data and a minimum load value
data in each unit time) may also be used as the load
change (Wb).

[0018] The unitweight (Wu) of the to-be-measured ob-
jects may be stored in the unit weight storage section by
weighing the to-be-measured objects directly through the
electronic balance. Alternatively, when the unit weight of
the detected objects is known in advance, the data about
the unit weight may also be set through input without
performing the weighing motion.

[0019] The "moving average start threshold (Wt)" is
set with a physical parameter corresponding to the "load
change (Wb)", in which a difference between a latest load
and a current load or a load change amplitude in each
unittime may be used as the moving average start thresh-
old (Wht).

[0020] According to the present invention, the mass of
each of the to-be-measured object, i.e., the unit weight
(Wu), is stored in the unit weight storage section, so that
the moving average start threshold calculating section
calculates the moving average start threshold (Wt) from
the unit weight (Wu), in which the moving average start
threshold (Wt) is used as a criterion to determine whether
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or not the moving average process is executed.

[0021] Specifically, a weight of 20%-80% of the unit
weight (Wu) is, for example, set as the moving average
start threshold (Wt). After the moving average start
threshold (Wt) is set, if a plurality of the to-be-measured
objects is placed on the weighing pan, the load detecting
section continuously detects the total load value (W) of
the to-be-measured objects placed on the weighing pan.
The load change calculating section calculates the load
change (Wb) of the detected load value (W). The load
change is used as an index for indicating whether the
currentload is stable or not. Then, the determination sec-
tion determines whether or not the moving average proc-
ess is executed according to the load change (Wb) at
this time and the moving average start threshold (Wt)
used as the criterion. The moving average start threshold
(Wt) is a value calculated according to the unit weight. A
load additionally added onto the weighing pan is an in-
tegral multiple of the unit weight (Wu) and varies in a
quantificational manner (stage by stage). Therefore, if
the threshold (Wt) is appropriately set (e.g., 20%-80% of
Wu), when one to-be-measured object is additionally
added onto the weighing pan, it surely becomes a load
exceeding the threshold (Wt), so that itis determined that
the moving average process does not need to be exe-
cuted.

[0022] When it is determined to execute the moving
average process, the moving average process section
calculates the moving average (Wa) of the detected load
value (W). Moreover, when the moving average process
is executed according to a determined result made by
the determination section, the number-of-objects calcu-
lating section counts a number (Nwa) of the to-be-meas-
ured objects according to the moving average (Wa) and
the unit weight (Wu). In addition, when the moving aver-
age process stops according to a determined result of
the determination section, the number-of-objects calcu-
lating section counts a number (Nw) of the to-be-meas-
ured objects according to the load value (W) and the unit
weight (Wu). The display section displays the calculated
numbers (Nw, Nwa) of the to-be-measured objects.

[Effects of the Invention]

[0023] According to the electronic balance in the
present invention, whether or not the moving average
process is executed is determined according to the
threshold (Wt) set based on the unit weight. Thus, re-
gardless of the value for the unit weight of the to-be-
measured objects, when one to-be-measured object is
additionally added onto the weighing pan, it surely ex-
ceeds the threshold (Wt). Therefore, the moving average
process practically stops when the to-be-measured ob-
ject is added, and the displaying function with a better
response capability to the load is provided. Furthermore,
when the load is below the threshold (Wt), the influence
from the surrounding environment is determined, and the
displaying stability may be ensured. In this way, the ap-
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plication of the electronic balance for measuring the
number of objects can be improved.

[Solution and Effects for Solving Other Problems]

[0024] In the present invention, the moving average
start threshold calculating section may use a weight of
20%-80% of the unit weight as the moving average start
threshold. By setting the moving average start threshold
(Wt) in such a range, the influence caused by a vibration
can be eliminated, and the moving average process prac-
tically stops as long as one to-be-measured object is add-
ed; hence, whetherthe load change is due to the vibration
or by the added load can be determined accurately. In
addition, when at least one to-be-measured objectis add-
ed, the moving average process definitely stops for a
temporarily period. Once the number of the added ob-
jects is changed, the weighing with a preferred response
capability is achieved.

[0025] In the presentinvention, a unit weight calculat-
ing section may be further set to calculate the unit weight
according to the total load value (W) of the to-be-meas-
ured objects placed on the weighing pan and number-of-
objects information (N) of the to-be-measured objects
placed on the weighing pan.

[0026] Based on the above, even for to-be-measured
objects with an unknown unit weight, the load thereof can
be practically measured by placing a pre-known number
of the detected objects on the weighing pan, so as to
calculate the unit weight thereof.

DESCRIPTION OF THE SYMBOL LISTS
[0027]

10  electronic balance

11 load detecting section

12  storage section

13  control section

14  display section

15  input section

16  judging section

21 unit weight storage section

31 unit weight measuring section

32 moving average start threshold calculating section
33 aload change calculating section

34  judging section

35  moving average processing section

36  moving average number-of-times counting section
37  number-of-objects calculating section

38  stability judging section

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings are included to
provide a further understanding of the invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the invention
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and, together with the description, serve to explain the
principles of the invention.

[0029] FIG. 1 is a block diagram of a structure of an
electronic balance according to an embodiment of the
present invention.

[0030] FIG. 2 is a flow chart for measuring a load by
the electronic balance in FIG. 1.

[0031] FIG. 3 is a schematic view of a measurement
example according to the present invention.

[0032] FIG. 4 is a schematic view of a measurement
example in the prior art.

[0033] FIG. 5 is a schematic view of a measurement
example in the prior art.

DESCRIPTION OF THE EMBODIMENTS

[0034] Reference will now be made in detail to the
present embodiments of the invention, examples of
which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers are
used in the drawings and the description to refer to the
same or like parts.

[0035] Hereinafter, the implementation of the present
invention is illustrated with reference to the accompany-
ing drawings. In addition, the following embodiment is
merely taken as an example, and thus may be amended
without departing from the scope of the spirits of the
present invention.

[0036] FIG. 1 is a block diagram of a structure of an
electronic balance according to an embodiment of the
present invention. FIG 2 is a flow chart of an operation
of the electronic balance in FIG 1. The electronic balance
10 mainly includes a load detecting section 11 for con-
tinuously detecting a load of a to-be-measured object
placed on a weighing pan 11a, a storage section 12 for
storing the desired data, a control section 13 for control-
ling the electronic balance, a display section 14 consti-
tuted with a liquid crystal panel for displaying a weighing
result and a message for informing the user, and an input
section 15, such as a ten-key.

[0037] The load detecting section 11 may be any well-
known mechanism such as an electromagnetic force bal-
ance type, or load cell type electronic balance mecha-
nism and weighing mechanism, which continuously
measures the load of the to-be-measured object placed
on the weighing pan and outputs the load as a signal
repeatedly. The signal detected by the load detecting
section 11, i.e., a load value data (W), is digitalized
through an analog/digital (A/D) converter 16, and then
sent to the control section 13.

[0038] The storage section 12 is constituted with stor-
age elements such as a read only memory (ROM) or a
random-access memory (RAM). In the storage section
12, a unitweight storage section 21 related to the present
invention is configured for storing a weight of each of the
objects, i.e., a unit weight Wu. The unit weight Wu may
be a value calculated according to the load value detect-
ed by the load detecting section 11 when the to-be-meas-
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ured objects are actually placed on the weighing pan 113,
or a value directly input from the input section 15 and
stored when the mass of one to-be-measured object is
already known. Furthermore, the storage section 12tem-
porarily stores various setting values and weighing val-
ues required in the calculating process (such as a moving
average start threshold Wt, a plurality of load values W,
W, W,, ...used for the moving average processing, a
number of the load values used for the moving average
processing, a count value M of number-of-times of mov-
ing average).

[0039] The control section 13 is constituted by a so-
called computer (central processing unit, CPU) for exe-
cuting various control operations. The control section 13
may be further divided based on the functions thereof in
the control operations related to the present invention
into different functional blocks, including a unit weight
measuring section 31, a moving average start threshold
calculating section 32, a load change calculating section
33, a judging section 34, a moving average processing
section 35, a moving average number-of-times counting
section 36, a number-of-objects calculating section 37,
and a stability judging section 38.

[0040] The unit weight measuring section 31 performs
the following control motions of calculating the unit weight
according to the load of the detected objects placed on
the weighing pan and number-of-objects information in-
put from the input section 15, and storing the unit weight
in the unit weight storage section 21. Specifically, the
message for informing the user to place the to-be-meas-
ured objects and inputting the number of the objects is
displayed in the display section 14. After the user places
the to-be-measured objects and inputs the number N of
objects according to the message, a calculation of the
load/number of objects is executed to obtain the unit
weight.

[0041] The moving average start threshold calculating
section 32 calculates the moving average start threshold
Wt according to the unit weight Wu stored in the unit
weight storage section 21.

[0042] Specifically, the threshold Wt is calculated
based on the following Equation (1):

W=K-Wu (1)

in which K is a coefficient in a range of 0.2=K=0.8.

[0043] The coefficient Kis an appropriate setting value
input according to a magnitude of the vibrations caused
by the surrounding environment, and the magnitude and
unevenness of the unit weight for the to-be-measured
objects. For example, when encountering large vibra-
tions, K may be set to a high value for maintaining the
moving average process easily Moreover, if the unit
weight of the to-be-measured objects is high, even a
small K can easily maintain the moving average process.
Moreover, if alarge difference exists between the weights



9 EP 2 071 304 A1 10

of the to-be-measured objects, K may be set to a low
value; thus, the moving average process may stop easily
when adding an object lighter than the standard to-be-
measured object onto the weighing pan. In addition,
when Kiis set below 0.2, the weighing is not easily affect-
ed by the vibration (shown in FIG. 4). Moreover, when K
is set above 0.8, the moving average process may not
stop when the to-be-measured object is added onto the
weighing pan, so that a high speed response cannot be
realized (show in FIG 5). Generally, it is preferred e set-
ting K =0.4 or so.

[0044] The load change calculating section 33 calcu-
lates a data variation sent from the load detecting section
11 every second. The variation is calculated by means
of, for example, calculating a difference between a max-
imum load and a minimum load among a plurality of
measurement points in each unit time. Herein, a differ-
ence AW between the latest load data W, and the current
load data W is calculated to serve as the load change
Whb.

[0045] The determination section 34 determines
whether or not the moving average process is executed
according to the load change Wb and the moving average
start threshold Wt. That is, when Wt>Wb, the moving
average process is executed (maintained), and when
Wt=Whb, the moving average process stops.

[0046] The moving average process section 35 calcu-
lates a moving average Wa of the detected load value
W. That is, a number-of-times of moving average m is
setin advance, and an average of at most n latest values
is calculated by processing the current detected load val-
ue Wy, the latest load value W, and the second latest
load value W,, ..... Moreover, during a period right after
the average process stops, the average process is exe-
cuted on less than n latest values in this period since the
number of the latest values is less than n.

[0047] The moving average number-of-times counting
section 36 counts the number-of-times M of moving av-
erage used in the moving average process. The number-
of-times M of moving average is used to determine
whether or not a stable status is maintained. That is, the
stable status is determined by comparing the number-of-
times M of moving average with a preset standard
number of times Mt.

[0048] The number-of-objects calculating section 37
calculates a number Nwa of objects by using the moving
average Wa calculated by the moving average process
section 35 and the unit weight Wu, and calculates a
number Nw of objects by using the detected load W, i.e.,
Wy, and the unit weight Wu when the moving average
process is stopped but the moving average is not output.
That is, any one of Wa/Wu (=Nwa) and Wy/Wu (=Nw) is
calculated, and then the result is turned into an integer
by means of a round-off process. Furthermore, a process
is executed to display the calculation result in the display
section 14.

[0049] The stability determination section 38 evaluates
the stability by comparing the preset standard number of
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times Mt as a criterion of the stability with the current
number-of-times M of moving average. If the current
number-of-times M of moving average exceeds the pre-
set number of times Mt, it would be determined by the
stability determination section 38 as being a stable sta-
tus, and a stability sign is displayed in the display section
14.

[0050] Then, the process operations for measuring the
number of objects in the present invention are illustrated
with reference to the flow chart in FIG. 2.

[0051] First, a unit weight Wu is stored in advance
(s101). When the unit weight Wu of the to-be-determined
objects is known, the value thereof is input via the input
section 15. When the unit weight Wu of the to-be-deter-
mined objects is unknown, in order to improve the accu-
racy of measuring the unit weight through an averaging
process, the unit weight Wu is calculated by placing N (a
plurality of) to-be-determined objects on the weighing
pan 11a, and inputting the number N of the objects, so
as to calculate the unit weight Wu for being stored in the
unit weight storage section 21.

[0052] Next, in order to initialize a count value M of
number-of-times of moving average for determining the
stable status, M is set as 0 (s102).

[0053] Then, a moving average start threshold Wt is
calculated from the unit weight Wu (s103). The moving
average start threshold Wt is a criterion for determining
whether or not the moving average process is executed
(maintained). More specifically, a value of 0.4 XWu is set
as the threshold Wt.

[0054] Afterwards, the plurality of the to-be-deter-
mined objects are placed on the weighing pan, and a
total load value W of the to-be-determined objects is ob-
tained and is temporarily stored as a current load value
W. Although the current load value W, does not exist in
an initial measurement, when a previously detected load
value W is stored as W, a current load value W is stored
as W, and a new load value W is updated as W,,. Like-
wise, when a previous value is stored as W, the value
is also stored as W,. Likewise, the load W; is updated as
Wi, 4, the value stored as W, , is now stored as W, _4.
The number of the stored load values is set at most to
be n (the maximum number of load values for calculating
the moving average), so that the previous value stored
as W,y is dropped (s104).

[0055] Then, a difference AW between the latest load
value W, and the current load value Wy, is calculated to
serve as a load change Wb for being stored temporarily
(s105).

[0056] Afterwards, in order to determine whether the
moving average process is executed (maintained) or
stopped, the moving average start threshold Wt is com-
pared with the load change Wb. When Wt>Whb, it is de-
termined that the load change is caused by vibration and
no load is added, so that s 107 is executed; and when
Wt=Whb, it is determined that a load is added, and s114
(s106) is executed.

[0057] In s106, when it is determined that no load is
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added, a moving average Wa is calculated (S 107).
[0058] At the initial measurement, merely W, is pro-
vided, so that W, is used as the moving average. How-
ever, when W,, W,, ... W; are stored, an average value
of the i (n at most) values is calculated to serve as the
moving average.

[0059] According tothe calculated moving average Wa
and the unit weight Wu, the number Nwa of objects is
calculated and displayed in the display section 14 (s 108).
[0060] Then, the countvalue M of the number-of-times
of moving average is added by 1 (s109).

[0061] Then, whetherthe countvalue M of the number-
of-times of moving average reaches the preset standard
number of times Mt is determined. If the preset standard
number of times Mt has not been reached, it is deter-
mined that the stability sign should not be displayed, and
the stability sign of the display section 14 is not lightened
(turned off). Otherwise, the stability sign should be dis-
played, and the stability sign is not lightened - (s110,
s111, and s 112).

[0062] After the abovementioned operations, the dis-
play section 14 displays the current moving average Wa,
and displays the stability sign at a stable status.

[0063] Then, it is determined whether the user inputs
to end the measurement or not (s113), and if not, the
process returns to s104 for executing the same opera-
tions; otherwise, the measurement ends.

[0064] On the other hand, if it is determined that a load
is added in s106, the moving average process is not ex-
ecuted, and the ongoing moving average process stops
(S 114).

[0065] When the previously stored load values W,
W, ... exist, the load values are deleted.

[0066] Then, the current load W is temporarily stored
as a new load W, directly (the moving average process
is not executed), and a number Nw of objects is calcu-
lated according to the load W and the unit weight Wu
(s115).

[0067] Atthis time, the previous load values are delet-
ed, and the moving average process stops, so that the
displaying function with a better response capability to
the load change is performed.

[0068] Afterwards, since the moving average process
has stopped, a count value M of the number-of-times of
moving average is reset as 0 (s116). Then, the process
returns to s104 for performing the same operations.
[0069] According to the abovementioned processes,
regardless of the magnitude of the unit weight Wu of the
to-be-measured objects, if no to-be-measured objects
are added to the load, the moving average process is
executed (maintained), and if the load is added, the mov-
ing average process practically stops.

[0070] FIG 3 is a schematic view of an example of a
measurement when the electronic balance performs the
operations in FIG 2 according to the present invention.
In an interval A shown in FIG. 3, the number of the to-
be-measured objects placed on the weighing panis fixed,
but the load W keeps changing under the influence of
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the surrounding environment. The moving average Wa
in the interval A is indicated by Wa1. Moreover, the dif-
ference between two neighbouring load values is indi-
cated as the load change Wb. Even if a slightly large load
change Wb1 due to vibrations exists in the interval A, it
may not exceed the threshold Wt. Therefore, the moving
average process is continuously executed and main-
tained.

[0071] At the point B, one to-be-measured object is
added onto the weighing pan 11a. At this time, a load
change Wb2 instantly exceeds the threshold Wt, so that
the moving average process stops. At this time, the cur-
rent load W, instead of the moving average Wa, is used
to calculate the number of objects, so as to achieve a
high speed response to the added load.

[0072] Furthermore, FIGs. 4 and 5 are schematic
views of measurements easily achieved when a preset
threshold irrelevant to the value to be measured is used
in the

prior art.

[0073] FIG 4 shows a situation when the threshold is
excessively small. Even if no load is added, a slightly
large load change Wb1 may be generated, so as to stop
the moving average process. Under this circumstance,
the stable status is hard to achieve.

[0074] FIG. 5 shows a situation when the threshold is
excessively large. When no load is added, the slightly
large load change Wb1 may not leads to any affect. How-
ever, when sometimes the load change Wb2 due to the
adding load is below the threshold, the moving average
process does not stop, and the high speed response can-
not be achieved.

[0075] Although the situations have been described
above, the following situations may also exist: at first, 10
the to-be-measured objects are used to calculate the unit
weight, then the number of to-be-measured objects, and
finally, 30 the to-be-measured objects are used to calcu-
late the unit weight and so forth Then, the unit weight
with a higher accuracy is calculated by repeating the
weighing process. Under this circumstance, the calculat-
ed unit weight may be updated to a new unit weight, but
preferably, at each time when the unit weight is updated,
the threshold is also updated according to the updated
unit weight.

[0076] Furthermore, when the unit weight of one to-
be-measured object is excessively small, the difference
between the effect caused by the adding loads and that
caused by the vibrations cannot be identified. In this case,
the unit weight may be set by taking two or three to-be-
measured objects as awhole, and the load may be added
at a unit of two or three to-be-measured objects as a
whole to distinguish vibrations and the adding of a load.

[Industrial Applicability]

[0077] The present invention can be applied in manu-
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facturing electronic balances capable of executing the
moving average processing with a preferred usability
when measuring the number of objects.

Claims

1. An electronic balance, comprising:

aload detecting section, for continuously detect-
ing a total load value (W) of a plurality of to-be-
measured objects placed on a weighing pan;
amoving average processing section, for calcu-
lating a moving average (Wa) of the detected
load value (W);

aload change calculating section, for calculating
a load change (Wb) of the detected load value
(W);

a unit weight storage section, for storing a unit
weight (Wu), which is a mass of each of the to-
be-measured objects;

a moving average start threshold calculating
section, for calculating a moving average start
threshold (Wt) from the unit weight (Wu), where-
in the moving average start threshold (Wt) is
used as a criterion to determine whether or not
a moving average process is executed;

a determination section, for determining from
the moving average start threshold (Wt) and the
load change (Wb) on whether or not the moving
average process is executed;

a number-of-objects calculating section, for
counting a number (Nwa) of the to-be-measured
objects from the moving average (Wa) and the
unitweight (Wu) when the moving average proc-
ess is being executed, and counting a number
(Nw) of the to-be-measured objects from the
load value (W) and the unit weight (Wu) when
the moving average process stops; and

a display section, for displaying the calculated
numbers (N,,, Nwa) of the to-be-measured ob-
jects.

2. Theelectronicbalance accordingto claim 1, wherein
the moving average start threshold calculating sec-
tion uses a weight of 20%-80% of the unit weight as
the moving average start threshold.

3. The electronic balance according to claim 1, further
comprising: a unit weight calculating section, for cal-
culating the unit weight from the total load value (W)
of the to-be-measured objects placed on the weigh-
ing pan and number-of-objects information (N) of the
to-be-measured objects placed on the weighing pan.
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